The serial measurement of postoperative serum enzymes has been proposed as an important method for identifying myocardial infarction following aortocoronary graft surgery. Serum glutamic oxalacetic transaminase, creatine phosphokinase and lactic dehydrogenase levels were determined during the initial five days following direct coronary XLVIII, July 1973 pose of this study was to evaluate this hypothesis in a large series of patients undergoing direct coronary surgery.
SINCE the widespread application of surgical treatment for coronary artery disease, detection of intraoperative or early postoperative myocardial infarction has become critical for evaluating the postoperative response of patients. First, myocardial infarction would be expected to have a direct influence on surgical mortality and morbidity. Second, myocardial necrosis resulting from coronary surgery, which necessitates the temporary manipulation of the blood supply to ischemic myocardium, might itself be responsible for relief of angina. Last, myocardial damage during and after surgery will diminish myocardial function reserve, potentially contributing to cardiac disability.
Recent reports suggest that serial postoperative serum enzyme values may aid in identifying patients with postoperative infarction.1-3 The pur-pose of this study was to evaluate this hypothesis in a large series of patients undergoing direct coronary surgery.
Methods
One-hundred and twelve consecutive patients who had direct coronary surgery for angiographically proven arteriosclerotic disease comprised the study group. Patients who had associated aneurysmectomy, valve replacement, or ventricular plication were excluded, as were patients who did not survive surgery. Three other patients were excluded because of marked elevation of postoperative serum enzymes, due to acute tubular necrosis (two patients), and blood transfusion reaction with hemolysis (one patient). The mean age of these 112 patients was 52 years, with a male to female ratio of 7:1. Fifty-eight percent of the patients had prior myocardial infarctions by history or evidence on their electrocardiograms. Thirty-nine patients had surgery on a single coronary artery; 73 had surgery on two or more vessels, using multiple grafts, and 26 of these had concomitant right coronary gas endarterectomy.4 Aortocoronary bypass surgery was performed in a manner similar to that described by Favaloro et al. The LDH (IU/L) Figure 3 The figs. 1-3) . Five of the seven intraoperative infarctions were associated with SGOT and CPK elevations in excess of-the 90th percentile value on the first postoperative day, whereas by the third postoperative day only three of the seven patients' SGOT exceeded the 90th percentile level. In contrast, the 90th percentile levels of the LDH frequency distributions yielded the best separation on the third Substantial differences in the 90th percentile levels postoperative day, at which time six of the seven patients with definite intraoperative infarction exceeded that LDH value.
The five patients who had suffered a myocardial infarction during the early postoperative period generally had a normal pattern of enzyme test results immediately postoperatively, with a late rise at the time of infarction. Enzyme data were incomplete for some of these patients because blood collection procedures had been terminated prior to the onset of infarction. The contrast between the postoperative enzyme pattern of a patient who had intraoperative infarction with the enzyme pattern resulting from an infarction occurring several days later during the recovery period is illustrated in figure 5 .
Clinical and Angiographic Sequelae
Graft patency data were available in 9 of the 12 patients having intraoperative or early postoperative infarction, either by postmortem examination or from angiographic restudy. Twelve of 18 grafts in this patient group were occluded (67%), two were stenotic, and four were patent. Eight of the nine patients in whom patency data were available had occluded grafts to coronary arteries, with myocardial distribution patterns coinciding with the infarct location suggested by the electrocardiogram. CORONARY SURGERY, ENZYMES AND MI
The follow-up of those patients without electrocardiographic evidence of infarction but with enzyme test results at the upper end of the frequency distributions are of particular interest. An analysis of the clinical course of these patients did not demonstrate a different incidence of postoperative heart failure from those patients in the lower percentile. Moreover, the mean change in ejection fraction of those patients evaluated one year postoperatively and who exceeded the 75th percentile level was not significantly different from the mean change in patients who were below the 25th percentile level (mean change in ejection fraction of the 75th percentile: +0.04, N = 6; mean change in ejection fraction of the 25th percentile: +0.01, N =7). There are clearly many factors contributing to enzyme elevations following cardiac surgery. In patients undergoing multi-vessel surgery, the median first day SGOT level was twice preoperative levels, and the CPK median levels were four times preoperative levels. The extreme variability of the enzyme response to intraoperative and postoperative factors make it unlikely that a discrete distinction can be made between surgery with or without infarction. Since during the course of coronary surgery both cardiac and non-cardiac tissues are manipulated, it would be desirable to utilize isoenzyme determinations specific for cardiac muscle. Such determinations, which were not performed in this study, utilize the CPK-MB isoenzyme and according to initial reports, provide a substantially greater degree of myocardial specificity than CPK alone.3' 14 Caution should be exercised in the extrapolation of these enzyme test results to the experience of other medical centers. All enzyme tests in this study were determined spectrophotometrically, which yields somewhat lower levels than colorimetric determinations that are usually performed in automated screening tests.9 Moreover, the colorimetric determination tends to be artifactually elevated by such drugs as erythromycin, oxacillin and others which may be employed in the postoperative patient. 
